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(54) A communication system and methods utilizing a reactively controlled directive array 



(57) A reactively controlled directive antenna array 
that has a single central monopole or dipole as a radi- 
ating element excited directly by a feed system. A plu- 
rality of parasitic elements surround the radiating ele- 
ment and through changing the state of the parasitic im- 
pedance causing the antenna to be In an omni direction- 
al or beam pointing mode according to whether the par- 
asitic elements are open circuited or short circuited. A 
computer modem and memory including stored pro- 



grams control the antenna array in an omnidirectional 
or directive mode to locate, identify and communicate 
with nodes in a wireless communication network. A 
stored table is created in the memory indicating the an- 
tenna direction for communicating with each node in the 
network. Using the stored table, the computer initiates 
a communication sequence with a selected node, the 
sequence having the advantages of improved signal 
sensitivity and angular discriminatbn for wireless com- 
munication systems. 
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Description 

BACKGROUND OF THE INVENTION 

Fieid of tlie Invention s 

This invention relates to communication systems. 
More particularly, the invention relates to digitally beam 
steered antenna arrays in wireless communication sys- 
tems. 

DESCRIPTION OF PRIOR ART 

A viable approach for achieving enhanced sensitiv- 
ity in radio frequency links Is by using an antenna with 
more directive gain. This gain is at the expense of an- 
gular coverage, so that the beam must be re-pointed to 
get wider coverage. 

If there is a necessity lor very rapid beam steering, 
electronic methods are generally preferred over me- 
chanical rotation of fixed beam antennas. Electronic 
methods are also favored for reliability, weight and other 
considerations. 

Traditional methods for achieving electronic scan- 
ning have drawbacks, The most conceptually simple 
method, where multiple fixed beam antennas are point- 
ed in different directions and are switched into an active 
channel, demand much hardware, consume considera- 
ble volume (with weight implications), and often suffer 
very significant switch losses. Phase arrays with fixed 
beamformer, such as multiport lens or Butler Matrix Net- 
works have beamformer losses in addition to switch 
losses. Phased arrays with variable phase-shifter 
beamformers are complex and expensive and their feed 
distribution and phase shifter networks are also lossy. 

A variably loaded parasitic antenna array adapted 
for beam steering in a wireless communication system 
has advantages of simplicity, efficiency and reliability 
when compared to other beam steering approaches. In 
such a reactively loaded antenna, there are no trans- 
mission lines to the individual elements, the excitation 
of elements being accomplished by electro-magnetic in- 
teraction. There is only one feed point, which simplifies 
the problem of matching the antenna to the transmitter. 
Since only one radiator is fed directly, the complexity 
and loss associated with the feed manifold is eliminated. 
Also, lossy in-line switching and/or phase shifters are 
not needed. The switches used in the parasitic array are 
distributed so that the total system loss is less. Finally, 
reactive loads can provide a means for beam steering 
using either mechanical or electronic switches. 

A number of variably loaded parasitic arrays are 
known in the art, as follows: 

An artble by RF Harrington, published in the IEEE 
Transactions on Antennas and Propagation, Vol. A-26, 
No. 3, May 1 978, pages 390-395, discloses the concept 
and the theory of an n-port antenna system having re- 
actively loaded radiators disposed about a radiator 



which is directly fed. By varying the reactive loads of the 
elements in the array, it is possible to change the direc- 
tion of maximum gain of the antenna array An example 
is given of a circular arrangement of reactively-loaded 
dipoles surrounding a control directly-fed dipole . 

USP 3109175 discloses an active antenna element 
mounted on a ground plane and a plurality of parasitic 
elements are spaced along a plurality of radial extending 
outwardly from the central element to provide a plurality 
of radially extending directive arrays. A pair of parasitic 
elements are mounted on a rotating ring, which is locat- 
ed between the central active antenna element and the 
radially extending active arrays of parasite element and 
rotated to provide an antenna system with a plurality of 
high gain radially extending lobes. 

USP 3560978 discloses an electronically controlled 
antenna system comprising a monopole surrounded by 
two or more concentric arrays of parasitic elements 
which are selectively operated by digitally controlled 
switching devices. 

USP 3883875 discloses a linear array antenna 
combined with a transmitting means for exciting n-1 of 
said elements in turn, and an electronic or mechanical 
commutator providing successive excitation in accord- 
ance with a predetermined program. Means are provid- 
ed for short-circuiting and open-circuiting each of the n- 
1 elements , and the short-circuiting and open-circuiting 
Is operated in such a manner that during excitation of 
any one of said elements the elements to the rear of the 
excited elements operate as a reflector and the remain- 
ing n-2 elements remain open circuited and therefore 
electrically transparent. A permanent non-excited ele- 
ment is kxjated at one end of the array. 

USP 4631546 discloses a central driven antenna 
element and a plurality of surrounding parasitic ele- 
ments combined with circuitry for modifying the basic 
omni-directtonal pattem of such antenna arrangement 
to a directional pattern by normally capacitively coupling 
the parasitic elements to ground, but on a selective ba- 
sis, changing some of the parasitic elements to be in- 
ductively coupled to ground so they act as reflectors and 
provide an eccentric signal radiation. By cyclically alter- 
ing the connection of various parasitic elements In their 
coupling to ground, a rotating directional signal Is pro- 
duced. 

USP 47001 97 discloses a plurality of coaxial para- 
sitic elements, each of which is positioned substantially 
perpendicular to but electrically isolated from a ground 
plane and arranged in a plurality of concentric circles 
surrounding a central driven monopole. The parasitic el- 
ements are connected to the ground plane by pin diodes 
or other switching means and are selectively connecta- 
ble to the ground plane to alter the directivity of the an- 
tenna beam, both in the azimuth and elevation planes. 

USP 5294939 discloses an electronically reconfig- 
urable antenna comprising an array of antenna ele- 
ments extending several wavelengths over an area. The 
elements can be reconfigured as active or parasitic el- 
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ements in the process of variable mode operation. An 
active subset of antenna elements excites a wave on a 
parasitic subset of antenna elements which are control- 
led by a plurality of electronic reactances which may op- 
erate in a plurality of modes of wave propagation. 

None of the prior art addresses the benefits of a var- 
iably loaded parasitic antenna array in a wireless com- 
munications system. Moreover, the antenna in the prior 
art employ complex mechanical and electronic system 
for directing a beam in a wireless communications sys- 
tem. 

SUMMARY OF THE INVENTION 

The object of the invention is the provision of a wire- 
less communication system having an antenna array 
configuration with enhanced sensitivity and angular dis- 
crimination for communication among a plurality of 
nodes included in such system. 

Accordingly the invention provides a local commu- 
nicatbn node in a communication network, connprising : 

(a) a radio antenna array including a central emitting 
element having a data input for transmitting a data 
bearing radio signal, the array also including a plu- 
rality of parasitic elenients proximate to said emitter, 
each parasitic element having a control input; 

(b) a plurality of impedance switching circuits,. each 
coupled to one of said plurality of parasitic elements 
for selectively changing the parasitic impedance of 
each element to said radio signal; 

(c) said radio antenna array broadcasting an omni 
directional mode signal when all of said parasitic el- 
ements are in a high Impedance state and said ar- 
ray broadcasting a directed mode radio signal in a 
selected direction when a selected sub-plurality of 
said parasitic element are selectively placed in a 
lower impedance state in response to said switch- 
ing circuits; 

(d) a computer modem having a first data path cou- 
pled to said emitting element for sending and re- 
ceiving data by said radio signal with other ones of 
said plurality of nodes in said network, and having 
a second data path coupled to said switching cir- 
cuits for oulpuUing signals representing said select- 
ed direction; 

(e) a memory in said computer for storing program 
instructions and a table of antenna direction values 
representing directions between the local node and 
said other ones of said plurality of nodes; and 

(f) said computer communicating with a selected 
one of said other ones of said plurality of nodes by 
accessing a selected direction value from said 



memory for said selected one node and outputting 
signals on said second path to said switch circuits 
and exchanging comrnunicatlon signals with said 
emitting element over said first path. 

5 

This provides a wireless communication system 
having beam steered variably-loaded parasitic antenna 
arrays, as well as a computer operated, beam steered 
antenna array tor locating, identifying and communk:at- 

10 ing with a node in a communication system. 

In an other aspect the Invention provides a method 
of communicating among a plurality of nodes in a wire- 
less communicatkxi system using computer operated 
beams steered, variably loaded, parasltk: antenna ar- 

^5 rays. 

In at least a preferred embodiment, features and ad- 
vantages of the invention are ^complished in a com- 
munications network with a plurality of communicating 
nodes, each node Including a beam steered reactively 

20 loaded parasitic array. Each array includes a central 
emitting element having a data input for transmitting and 
receiving a data bearing radio signal. The array also in- 
cludes a plurality of parasitic elements proximate to the 
emitter. Both the emitting and parasitic elements have 

2S a control input. An Impedance switching circuit is cou- 
pled to each one of the parasitic elements for selectively 
changing the load impedance of each parasitic element 
through a control signal. The array radiates an omni di- 
rectional mode radio signal when all of the parasitic el- 

30 ements are in a high impedance state or "open-circuit" 
state. The array radiates a directed mode radio signal 
in a selected direction when a selected sub-plurality of 
parasitic elements are selectively placed in a lower im- 
pedance state or "short-circuit" state in response to the 

3S switching circuits. A computer having a first data path is 
coupled to the emitting element tor sending and receiv- 
ing data by the radio signals with other nodes in the com- 
munication system. The computer includes a second 
data path coupled to the switching circuits for outputting 

40 signals representing a selected antenna direction. A 
memory in the computer stores a table of direction val- 
ues representing directions between a local node and 
the other nodes of the communication system. The com- 
puter communicates with a selected one of the other 

4S nodes by accessing a selected direction value from the 
memory for the selected node and outputting the value 
on the second path to the switching circuits to direct the 
parasitic loading of the antenna for directing communi- 
cation signals from the antenna emitter received from 

so the computer over the first path. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The foregoing features and advantage of the inven- 
55 tion will become further apparent from the following de- 
tailed description taken in conjunction with the accom- 
panying drawings, in which: 

Figure 1 is an illustration of a parasitic monopoie 
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antenna array having a central radiator and a plurality 
parasitic elements. 

Figure 2 Is an illustration of a bias and switching cir- 
cuit for the array of Fig. 1 . 

Figure 3 is a further representation of the bias and s 
switch circuit of Fjg. 2. 

Fig. 4 Is a representation of a parasitic loading pro- 
file for transmitting a directed radiating pattern for the 
parasitic monopole array of Fig. 1 

Figure 5 is a polar diagram of an actual measured io 
radiating patterns for the antenna of Figure 4. 

Figure 6 is a representation of a wireless commu- 
nication system Including a plurality of nodes, each node 
communicating with the other nodes using a computer 
operated reactively controlled directive antenna shown ?5 
in Figure 1 . 

Figure 7 is an electrical representation of a node in 
the communication system of Figure 6. 

Figure 8 is a representation of a transmission pack- 
et radiated by each node in the communication system 20 
of Figure 6. 

Figure 9 Is a representation of a method for compil- 
ing an antenna direction table for communicating with 
other nodes in the communication system of Figure 6. 

Figure 10 is a representation of antenna direction 2S 
tables for each node In the communication system of 
Figure 6. 

Figure 11 is a flow diagram for communication be- 
tween nodes in the communication system of Fig. 6. 

30 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

In Figure 1 . a reactively controlled directive antenna 
array comprises a thin circuit card 10 including a single 
central monopole 12 which is excited directly by a feed 3S 
system (not shown). The central driven element or radi- 
ator 12 is surrounded by radial rows of parasitic ele- 
ments 1 4 of the same type as the radiator. Each parasitic 
element is attached to a ground plane 23 (see Fig. 3) 
via a controlled load which can be In either a high Im- 40 
pedance or "open-circuit" state or low impedance or 
■short-circuit" stale, as will be explained hereinafter The 
current flowing in each parasitic element Is controlled by 
switch devices (not shown) which are placed In series 
with each element. The array directivity and beam di- 45 
rectlon is controlled by appropriate selection of "on" and 
"off" parasitic elements. If the parasitic loading is made 
selectable, then the beam direction in the azimuthal 
plane is also selectable. If the parasitic loading is 
changed by electronic or other high speed methods, so 
then a rapid beam scanning or agile beam pointing an- 
tenna is achieved. 

The parasitic array approach has the advantage of 
simplicity, efficiency, and reliability when compared to 
other phased array approaches. Since only one radiator 55 
Is fed directly, the complexity and loss associated with 
a feed manifold is eliminated. Also, lossy in line switch- 
ing and/or phase shifters are not needed. The switches 



in the parasitic array are distributed so that the totel sys- 
tem loss is less. The approaches uses only simple nigh 
Impedance" and "low impedance" parasitic load :.r:iher 
then the more general reactive loading suggested by the 
IEEE article by Harrington, supra. Also, if the integrity 
of the radiator is maintained, the antenna will continue 
to provide antenna functions (with degraded perform- 
ance) If other elements fall. In general, useful antenna 
patterns are obtained with particular array geometries, 
element lengths, and element loadings. Since the active 
array elements are excited by mutual coupling, the 
phase and amplitude of these currents (and the resulting 
radiation pattern) depend critically on the physical de- 
tails of the array and elements. 

One embodiment of the antenna comprises an ar- 
ray geometry in which eight radial rows are formed rel- 
ative to the radiator 12, each radial row including two 
parasitic elements 14. The critical dimensions for the ar- 
ray are: (1 ) parasitic element to parasitic elemerit spac- 
ing along the radial direction, the preferred spacing be- 
ing 0.266 wavelengths, and (2) monopole and parasitic 
lengths of the same length, the preferred length being 
0.266 wavelengths. The ground plane diameter is less 
critical but should be of approximately 1 .6 wavelengths 
or more. These critical dimensions pertain to radiator 
and parasitic elements having a rod diameter of 0.02 
wavelengths. Other rod diameters will work and will af- 
fect the best selection of other dimensions. Also, non- 
cylindrical radiators such as planar geometries or print- 
ed circuit boards will work with appropriate adjustments. 
With this array, implemented with a mechanism to open 
or short the parasitic elements, an antenna with selecta- 
ble beam directions and selectable directivity is 
achieved. If all the parasitic elements are open circuited, 
then an omni directional pattern characteristic of the H- 
plane of an isolated monopole is achieved. If selected 
radial patterns are short circuited then directive patterns 
are achieved over a useful bandwidth, as will be de- 
scribed hereinafter. Intermediate values of directivity 
can be achieved by selecting fewer short circuit rows. 

In Fig. 2 a bias and switch circuit 13 is shown for 
attachment of the parasitic rods 1 4 (see Fig. 1 ). The thin 
circuit card 10 has etched conductors, as will be de- 
scribed, for attachment of the parasitic rods 1 4; chip PIN 
diodes 20. rf chokes 22 in the form of microstrip lines 24 
and vias to a ground plane 23 on the back of the card 
10 ( See Fig, 3). The parasitic elements are attached 
electrically to circuit pads 26 which connect to the micro- 
strips and one end of the diodes 20. Where additional 
support is required for the parasitic elements, thin die- 
lectric struts can provide additional support for the par- 
asitic elements without appreciably affecting the anten- 
na radiating pattern. Preferably the rf chokes 22 are 
quarter-wave and maintain a high impedance at the 
base of the parasitic with PIN diodes 20 "off" while al- 
lowing a d-c path for a bias current. Lumped-circuit 
chokes may be used at bwer frequencies, if desired. 
The card 10 includes a cut-out 28 for a monopole radi- 
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ator 12. The radiator can be a "fat monopole" for imped- 
ance advantages- Pins, feed-through and nnechanlcal 
support features are part of the ground plane chassis 
23 (see Fig. 3) to facilitate assembly and provide nec- 
essary electrical interfaces. Low reactance capacitors 
between the bias feed paths and the ground are neces- 
sary to reflect the required high impedance at the para- 
sitic bases. While monopoles are shown in Figs 1 , 2 and 
3, they may be changed to dipoles with necessary 
changes to the card which would be well known to those 
in the art. 

As with conventional monopoles. the size of the 
ground plane 23 (see Fig. 3) will affect the pattern de- 
tails. An adequate margin is required between the outer 
parasitic and the edge of the ground plane to maintain 
proper phasing in the elements. As one alternative, 
edge rolling of the ground plane or other edge treat- 
ments can be used to minimize effects. In any case, the 
finite ground plane will tend to lift the pattern peak in the 
elevation as is seen with isolated monopoles. 

In Figure 3, the bias and rf shorting circuit 13 is 
shown in more detail. Each parasitic element 14 is cou- 
pled to a quarter length transmission line such as the 
micro strip 24 shown in Figure 2. The PIN diode 20 is 
connected between the strip 24 and the ground plane 
23. A low reactance capacitor 25 is formed between the 
micro strip and the ground plane at rf frequencies. A bias 
supply 27 is connected through a computer controlled 
switch 29 for selectively forward biasing the diode 20 or 
other suitable switching device. The diode has a high 
impedance when the switch 29 is open. By electronically 
altering the switch 29, a radiating signal from the central 
driven element 12 can be selectively directed, according 
to the pattern of parasitic elements which are open or 
short circuited, as will be explained hereinafter. 

In Fig. 4, 10 of the parasitic elements 14 in the bot- 
tom half (90 -270 degrees) of the card 10 are short 
circuited by forward biasing their associated switching 
devices 20. as explained in conjunction with Fig. 3. The 
remaining 6 elements in the top half ( 315 -45 degrees) 
of the card are open circuited by reverse biasing the 
switching device 20. This condition of the array gener- 
ates a beam 29 from the radiator 1 2 directed away from 
the shorted parasitic. The loading of the parasitic ele- 
ments in the present invention is different from that sug- 
gested by the prior art, principally Harrington article, su- 
pra. In the present invention the reactive loading of the 
parasitic elements is restricted to low or high Impedance 
state rather than a continuous range as described in the 
Harrington article. 

In Figure 5, the measured antenna pattems at dif- 
ferent radiating frequencies confirm the electromagnetic 
behavior of the antenna. For expediency, the antenna 
prototype from which the measurements were made, 
was simplified by omitting the switch and bias elements. 
The measured patterns confirm the electromagnetic be- 
havior of the antenna of Fig. 4. 

By selecting fewer parasitic rows to be short- 



circuited, the beam width of the antenna can be In- 
creased. In the limit, with all parasitic opened an omni 
directional pattern is created. 

Similar but other radiating pattems are available 

s with variations in the general geometry and approach. 
Significant directivity activity was observed with a single 
parasite per radial row, but the back radiatbn was 
somewhat higher. The use of three parasitic per row did 
not appreciably change the gain (the currents in the out- 

10 side parasitic were quite weak), but undesirable pattern 
ripple was increased. Quite acceptable radiating pat- 
terns were predicted using six radials rather then 8 and 
useful results can be obtained with even thinner config- 
urations. 

IS Other variations and extensions to the arrays de- 
scribed above, include the following: 

Dipole radiators and parasitic can be employed in 
place of monopoles. The primary advantages for this ap- 
proach are the overall diameter reduction allowed be- 

20 cause a ground plane is unnecessary and possible ef- 
fective gain increases on the horizon because elevation 
pattern uptilt (seen with finite ground plane mono-poles) 
is eliminated. This approach is not nearly as convenient 
to feed and bias but rf choke and balun designs may be 

2S employed to isolate the necessary conductors from the 
basic desirable antenna interactions. 

A single monopole with a biconical horn or discone 
can improve gain by narrowing the elevation 
beamwidth. The described monopole arrays can be cov- 

30 ered with a conducting plane which flares into a cone. 
Using both upper and lower cones, it may be possible 
to create the desirable parasitic effects using elements 
attached to conically shaped (rather then flat) ground 
planes. These variations may require adjustments to the 

35 element and array dimensions. 

A polarizer can also be used to alter the antenna 
character. Vertical to slant (or arbitrarily oriented linear) 
or vertical to circular ('meanderline-type) covers could 
be used. 

40 The antenna of the present invention has potential 
applications to communications, surveillance and elec- 
tronic support systems. The antenna can be used in an 
omni directional mode (all parasitic open circuited) to ac- 
quire a signal and then be converted to directional mode 

46 to optimize signal strength. In general the user can ex- 
pect some rejection of unwanted signals based upon the 
pattern factor. The extent of rejection would depend on 
the difference in the angle of arrival of the desired and 
undesired signals. 

so One application of the reactively controlled directive 
antenna array of the present invention may be achieved 
In a wireless communication system 30 shown in Figure 
6. A plurality of nodes A, B, and C, form a part of a local 
area network. Each node includes a reactively control- 

55 led directive antenna array and switching circuit 32 cou- 
pled to the other nodes through wireless links 33. Each 
antenna and switch 32 is coupled to a computer modem 
34 through a first path 36 for transmitting and receiving 
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radio signal to/from the radiating element 12 (See Fig. 
1 ). A second path 38 couples the computer modem 'o 
each bias circuit and switch lor the parasitic elemer:; ^ 
of the antenna array. A memory 40 stores program - 
structlons and directional tables for locating the other 
nodes in the communication system, as will be de- 
scribed hereinafter. 

In Figure 7. an antenna/switch 32, computer mo- 
dem 34 and memory 40 are shown for one of the nodes 
in the system 30. each node in the system 30 being sim- 
ilarly arranged. In Fig. 7, radiating element 12 is sur- 
rounded by parasitic elements 14 in an 8 x 2 radial ar- 
rangement. Each parasrtic element Is connected to a 
switch and bias circuit 1 3 (See Fig. 3). Each switch Is 
coupled to a different stage of a 16 bit register 42 for 
storing computer generated signals to place the switch- 
es 13 in a condition to cause the parasitic element as- 
sociated therewith to be either "open" or "short circuit" 
condition, according to the desired direction of the beam 
radiating from the central element 12. A simpler ar- 
rangement would control the biasing of each radial par- 
asitic row pair (2 elements) rather than control each In- 
dividual parasitic element. Such an arrangement would 
require 8 control signals rather than 16 and would be 
consistent with the circuit topology of Fig. 2. 

A multiplexer 44 is coupled to the memory 40 
through computer modem 34 for distributing signals to 
each switch 1 3 for directing the beam of the central mo- 
nopole 12 to a selected node. The signals are stored in 
the memory 40 for each node A. B. ..."n" and provide 
the pattern for switching the parasitic elements "on" or 
"off" to point the antenna in the direction of a particular 
node for communicating purposes. The method of gen- 
erating the node signals will be described hereinafter. 

The computer modem 34 employs stored program 
Instructions In the memory 40 to locate, Identify and 
communicate with other nodes in the system 30. An op- 
erating system 46 controls the computer modem in gen- 
erating, identifying, locating and communicating with 
other nodes in the system. A receive and detection pro- 
gram 48 provides signals to place the antenna In an om- 
nidirectional mode to receive signals from one of the oth- 
er nodes not directing signals to the receiving node. A 
comparison program 50 identifies a preferred direction 
for the received signals. A decode program 52 identifies 
the node which Is the source of the received signals. A 
scan program 54 sequentially outputs controls signals 
to the switching circuits to sequentially change the se- 
lected direction of the antenna. Using the stored pro- 
grams under control of the operating system enables the 
antenna and switch 34 in combination with the computer 
modem 34 and memory 40 to locate, identify and com- 
municate with the other nodes in the system 30. 

As a part of the node communication process, a 
transmission packet 60, as shown in Fig. 8, Is generated 
by the computer modem 34 for transmission to the cen- 
tral radiating element 1 2 over the line 36 (see Figure 6). 
The transmission packet 60 includes a timing field 62. 



a destinatbn address 64, a sender address 66, control 
signals 68, a data field 70^ and an end of frame field 72. 
Each packet is generated as a part of a sehes of frames 
and transmitted to another node in a manner well known 
s in the art. 

Figure 9 shows the process of compiling an antenna 
direction table at node C for communicating with the oth- 
er nodes B and C which are broadcasting traffic over a 
LAN 80. The nodes A and B are broadcasting traffic at 
10 selected intervals 82 and 84 on the LAN. As a first step, 
node C Is placed in an omni -directional mode state by 
open circuiting all parasitic elements. Upon detection of 
a broadcast from either node A or B, node G applies 
sequentieil direction pattem bits to the parasitic element 
IS switches. The received signal amplitudes for each di- 
rection are stored in the memory and compared to iden- 
tify the greatest signal amplitude. The sender ID and the 
received transmission packet are decoded and together 
with the packet directional pattern bits are stored in the 
memory in a direction table 86 for nodes A and B. After 
storing of node ID and direction, the antenna is returned 
to the omni-directlonal mode to receive the transmission 
packet from the other node or nodes In the system. As 
shown in Figure 10; each direction table 83, 85 and 86 
for nodes A, B and C, respectively includes node ID and 
node direction expressed in 16-bit patterns. The node 
direction is based upon a 0 degree reference for each 
node in the LAN. 

In Figure 11 , a method for acquiring membership In 
a local area network is described, as follows: 

In a first step, the antenria array 32 associated with 
the node is placed In an omnl-directlonal mode by the 
computer modem using the receive program 48 causing 
all of the parasitic elements to be pl^ed in an "open" 
condition. 

In step two, radio signals in the form of transmission 
packets are received from existing LAN traffic by the an- 
tenna 32 under control of the computer using the scan- 
ning program 54. 

In step 3, the received transmission packet is ex- 
amined by the computer modem using the decode pro- 
gram 52 to determine the transmitting node after which 
in step 4, the received amplitudes are stored in a table 
in memory and compared using the comparison pro- 
gram 50 to determine the relative direction of the trans- 
mitting node. 

In step 5, the directional mode for the antenna is set 
by the computer to communicate with the selected node 
using the stored direction table In the memory. 

In step 6. the computer modem transmits an acqui- 
sition request to the selected member using the antenna 
and the direction determined for the node. 

In step 7, permission is acquired from the selected 
node to communicate with the nodes in the LAN. A time 
slot assignment; a list of node LANs and a time slot list 
for the respective nodes is obtained from the accessed 
node. 

In step 8, antenna directional tables are prepared 
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by the computer program using the stored program for 
the node in the LAN based upon the information provid- 
ed by the accessed node. 

In step 9. the antenna is activated for communica- 
tion with a selected table using the stored table for the s 
node and the stored programs for operating the anten- 
na. The 16 bit antenna pattern is supplied by the com- 
puter to the bias/switch circuits 1 3 over line 38 by way 
of the multiplexer 44 to the register 42. The parasitic el- 
ements are placed in "open" and "short" states accord- io 
ing to the 1 6 bit pattern for the antenna direction for com- 
municating with the selected node. 

In step 1 0. the radiator 1 2 transmits and receive sig- 
nals to/from the selected node, which signals are proc- 
essed by the computer 34 coupled to the radiator over is 
the line 36 and using the stored programs in the memory 
40. 

In summary, a reactlvely controlled directed anten- 
na array is described which has the advantages of sim- 
plicity, efficiency and reliability in a wireless communi- 20 
cation system when compared to other phased array ap- 
proaches. The antenna may be used to locate, identify 
and communicate with each node in a wireless commu- 
nication system. Each node includes a computer mo- 
dem and memory coupled to the antenna and through 2S 
the use of stored programs control the antenna to de- 
termine the optimum direction for communicating with 
another node in the communication system. In particu- 
lar, wireless communication systems can take advan- 
tage of antenna directivity to increase the effective sig- 30 
nal power and/or to reject interfering signals, multi-path 
signals or noise. There has been described a reactlvely 
controlled directive antenna array that has a single cen- 
tral monopole or dipole as a radiating element excited 
directly by a feed system. A plurality of parasitic ele- 3S 
ments surround the radiating element and through 
changing the stale of the parasitic Impedance causing 
the antenna to be in an omni directional or beam pointing 
mode according to whether the parasitic elements are 
open circuited or short circuited. A computer modem 40 
and memory including stored programs control the an- 
tenna array in an omnidirectional or directive mode to 
locate, identify and communicate with nodes in a wire- 
less communication network. A stored table is created 
in the memory indicating the antenna direction for com- 45 
municating with each node in the network. Using the 
stored table, the computer initiates a communication se- 
quence with a selected node, the sequence having the 
advantages of improved signal sensitivity and angular 
discrimination for wireless communication systems. 

While the present invention has been described in 
a particular embodiment, it should be understood that 
there may be various embodiments which fall within the 
scope of the invention as described in the appended 
claims: 



Claims 

1. In a communication network with a plurality of com- 
municating nodes, a local communication node 
comprising: 

(a) a radio antenna array including a central 
emitting element having a data input for trans- 
mitting a data bearing radio signal, the array al- 
so Including a plurality of parasitic elements 
proximate to said emitter, each parasitic ele- 
ment having a control input; 

(b) a plurality of Impedance switching circuits, 
each coupled to one of said plurality of parasitic 
elements tor selectively changing the parasitic 
impedance of each element to said radio signal; 

(c) said radio antenna array broadcasting an 
omni directional mode signal when all of said 
parasitic elements are in a high impedance 
state and said array broadcasting a directed 
mode radio signal in a selected direction when 
a selected sub-plurality of said parasitic ele- 
ment are selectively placed in a lower imped- 
ance state in response to said switching cir- 
cuits; 

(d) a computer nrKxdem having a first data path 
coupled to said emitting element for sending 
and receiving data by said radio signal with oth- 
er ones of said plurality of nodes in said net- 
work, and having a second data path coupled 
to said switching circuits for outputting signals 
representing said selected direction; 

(e) a memory in said computer for storing pro- 
gram Instructions and a table of antenna direc- 
tion values representing directions between the 
local node and said other ones of said plurality 
of nodes; and 

(f ) said computer communicating with a select- 
ed one of said other ones of said plurality of 
nodes by accessing a selected direction value 
from said memory for said selected one node 
and outputting signals on said second path to 
said switching circuits and exchanging commu- 
nication signals with said emitting element over 
said first path. 

2. A communication node as claimed in claim 1 in fur- 
ther comprising: 

(i) receiving means in said computer for select- 
ing said omni directional mode while receiving 
a broadcast from one of said other nodes that 
is not directed to said local nodes; 
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(ii) scanning means in said computer to se- 
quentially output control signals to said switch- 
ing circuits to sequentially change said select- 
ed direction of said antenna array; 

5 

{iii)comparison means in said computer to iden- 
tify a preferred direction for said receive broad- 
cast; 

(iv) decode means in said computer for decod- to 
ing an identity of said one other node; and 

(V) said computer storing said identity and said 
preferred direction in said table in said memory. 

IS 

3. A communication node as claimed in claim 2 further 
comprising: 

detection means In said computer for detecting 
of broadcast from one of said other nodes that 
is directed to said local node and in response 
thereto selecting said directed mode; and 

said computer accessing said preferred direc- 
tion of said one other node from said memory ^5 
using said identity and outputting on said sec- 
ond path to switching circuits to enable ex- 
changing directed mode radio signals with said 
one other node. 

30 

4. A communication node as claimed in any preceding 
claim wherein impedance switching circuits further 

comprise: 

a substantially vertical conductor mounted 3$ 
above a substantially horizontal ground plane 
as a parasitic element; 

a printed circuit transmission line with a first end 
connected to said conductor and second end 40 
connected through a low radio-frequency im- 
pedance to said ground plane, said transmis- 
sion line having an electrical jength substantial- 
ly one quarter of a wavelength of said radio sig- 
nal, forming a high impedance at said first end; 45 

a switching device connected between said 
conductor and said ground plane having a low 
impedance when forward biased and a high im- 
pedance when not forward biased; and so 

a switch connected between said second end 
of said transmission path and a bias voltage 
source having a control input coupled to said 
second path from said computer for selectively ss 
forward biasing said switching device and 
thereby reducing the parasitic impedance of 
said conductor to said radio signal. 



5. A method for accessing and communicating with 
nodes in a local area network including a computer 
modem and • ■ memory, comprising the steps of: 

selecting an omni directional mode for a direc- 
tional antenna coupled to the computer mo- 
dem; 

receiving radio signals from existing traffic in 
the local area network which includes a plurality 
of nodes, each node including a directional an- 
tenna coupled to the computer modem; 

identifying a node of the local area network us- 
ing the directional antenna and computer mo- 
dem; 

determining a valid directbn of a selected node 
of the network; 

selecting a directional mode for the directional 
antenna and setting the antennae direction to 
the selected node; 

transmitting an acquisition request to the se- 
lected node, using the directional antenna and 
selected direction; 

receiving permission; a time slot list for the re- 
spective nodes of the local area network; 

identifying an antenna for each respective node 
of the network and storing the direction in a 
computer table in the memory; 

setting the direction for said directional antenna 
to begin a communication sequence with a se- 
lected node of the local area network; and 

transmitting and receiving radio communica- 
tions with said selected node over said selected 
direction. 

6. An electronic reconfigurable antenna comprising: 

a supporting member having a top surface and 
a ground plane bottom surface and an opening; 

A radiating element mounted in the opening; 

a plurality of microstrip lines surrounding the 
opening with each microstrip forming an rf 
choke by virtue of their high characteristic im- 
. pedance, substantially quarter-wavelength 
electrical length, and k>w rf impedance to 
ground termination at a bias feed point; 

a plurality of antenna elements surrounding the 



8 



15 



EP0 812 026 A2 



16 



radiating element, each antenna element at- 
tached to a different microstrip at the via; 

A plurality of switching device, each switching 
device coupled at one end to a different anten- s 
na element through the via hole and at the other 
end to a ground plane on a back surface of the 
supporting member; 

a bias circuit coupled to each switching device 
whereby one state of the bias circuit places the 
switching device in a conducting condition to 
cause the attached antenna element to be in a 
low impedance state; a second state of the bias 
circuit causing the switching device to be in a 
non-conducting condition causing the antenna 
element to be in high impedance state; and 

means for causing the antenna to be in an on- 
nidireclional state when the antenna elements 
are in high impedance state and causing the 
antenna to be in a directional state when the 
antenna elements are in a low impedance 
state. 

7. A rr^thod as claimed in claim 5 wherein each direc- 
tional antenna comprises a central radiating ele- 
ment surrounded by a plurality of parasitic elements 
and the step of selecting an omni directional mode 
for directional antennae further comprises the step 
of: 

placing the parasitic elements in an "open circuit' 
state for receiving radio signals by the directional 
antenna. 

8. A method as claimed in claim 7 wherein the step of 
selecting a directional mode for the directional an- 
tenna further comprises the steps of: 

placing selected parasitic elements in a "short 
circuit" state; 

transmitting a radio beam from the central ra- 
diating element in a selected direction based 
upon the parasitic elements placed in the "short 
circuit" state. 

9. A method as claimed in claim 8 further comprising 
the step of: 

Changing the "short circuit" state of the parasitic el- 
ements to form a beam steered radio signal. 

10. A method as claimed in claim 9 wherein the memory 
comprises a plurality of stored program instructions 
and the step of identifying a node in the local area 
network further comprises the step of using a de- 
tection program stored in the memory to identify 
each node in the local area network. 



11 . A method as claimed in claim 1 0 further comprises 
the step of forming a table in the memory providing 
an antenna direction to each node in the local area 
network. 
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